For evaluating the quality of ginseng, simple and fast analysis methods are needed to determine the ginsenoside content of the ginseng products. The aim of this study was therefore to optimize conditions for fast analysis of the ginsenosides, the active ingredients in extracts of Korean red ginseng. When tandem HPLC mass spectrometry (HPLC-MS/ MS) was used, four forms of ginsenoside, Rb1, Rb2, Rc, and Re, were readily separated in seven minutes using a gradient mobile phase (acetonitrile and water containing acetic acid). This is the shortest separation time reported among the studies of major ginsenoside analysis. When gradient HPLC with UV detection was used, the detection limit was high, but separation of these four ginsenosides required 25 minutes using acetonitrile and water containing formic acid as a mobile phase. HPLC-MS/MS was able to separate ginsenoside Rg1 easily regardless of the mobile phase condition, but the HPLC-UV could not separate Rg1 because acetonitrile concentration in the mobile phase had to be maintained below 20%. Ginsenoside peaks were clearer and had more sensitive detection limits when Korean red ginseng extract was analyzed by the HPLC-MS/MS, but the UV detection was useful for chromatographic fingerprinting of all four major ginsenosides of the extract: Rb1, Rb2, Rc, and Re. Extracts were found to contain 2.17 mg, 1.51 mg, 1.29 mg, and 0.46 mg of ginsenoside Rb1, Rb2, Rc, Re, respectively, per gram weight. The ratios of each ginsenoside in the extracts were 1.0 : 0.7 : 0.6 : 0.2, respectively. Taken together, the results indicate that HPLC-MS/MS spectrometry could be the most useful method for rapid analysis of even small amounts of major ginsenosides, while HPLC with UV detection could also be used for rapid analysis of major ginsenosides and for quality control of ginseng products.
INTRODUCTION
Medicinal substances derived from plant extracts have traditionally been used for treating a number of common ailments. Their effects on the human body have been researched for a long time, especially in traditional oriental medicine. One important medicinal plant with a long medicinal history is ginseng (genus Panax, family Arialiaceae). There are six species of the Panax genus that are used medicinally, including Korean ginseng (Panax ginseng C.A. Mayer), American ginseng (Panax quinquefolium L.), Samchil (Panax notoginseng Burkill), Jukjeolsam (Panax japonicum C.A. Meyer), Samyeopsam (Panax trifoliusL.), and Himalayan ginseng (Panax pseudoginseng Wall.). Among these, Korean ginseng, a herbaceous perennial, is the most popular medicinal plant in Asia, including Korea, Japan, and China.
The pharmacological properties of ginseng are generally attributed to its triterpene glycosides, the ginsenosides. 1) A ginsenoside is a natural material that has been found to have various pharmacological actions helpful for human health. Ginsenosides have been used to treat and prevent atherosclerosis, asthma, diabetes, and endotoxin hepatotoxicity. [2] [3] [4] Ginsenosides are structurally described as glycosides of a triterpene aglycone moiety and their molecular configuration can vary depending on the nature of the complex oligosaccharides of the glycoside portions.
# To whom correspondence should be addressed. (Tel) +82-11-9115-7875; (Fax) +82-2-940-2861 (E-mail) dwlove@korea.ac.kr Ginsenosides can be classified into two groups based on their aglycone moieties, which can be either 20 (S)-protopanaxadiol (ginsenosides Ra1, Rb1, Rb2, Rb3, Rc, and Rd) or 20 (S)-protopanaxatriol (ginsenosidesRe, Rg1, Rg2, and Rh1) 5) Among the 35 ginsenosides identified so far, six (Rb1, Rb2, Rc, Rd, Re and Rg1) account for 90% of the total. 1, 6) Methods for ginsenoside analysis from Panax extracts have included colorimetry, 7) TLC, 8) GC, 9,10) HPLC, [11] [12] [13] ion chromatography, 14) and radioimmunoassay. 15, 16) Among these, HPLC is the most widely used method as it generates quantitative analytical data for each ginsenoside. To analyze the properties of ginsenosides in ginseng extracts, HPLC-mass spectrometry (HPLC-MS) or HPLC-mass/ mass spectrometry (HPLC-MS/MS) detectors are becoming increasingly popular today. Because of the complicated matrixes of ginseng extracts, other HPLC detectors can also provide other, albeit somewhat limited, results. Saponin-based components lack chromophores but can be identified in the ultrashort UV wavelengths (203-210 nm) 17) However, this places limitations on the selection of mobile phases and gradient experiments used in HPLC coupled to UV detection (HPLC-UV). For example, methanol has a UV cut-off point of 205nm, which means that refractive index (RI) or evaporative light scattering (ELSD) detection must be used when methanol is present in the mobile phase. Acetic acid also must be avoided as it also interferes with UV detection. Phosphoric acid has better sensitivity with UV detection, but cannot be used in an ELSD detector. When compared with HPLC-UV, mass or tandem mass spectrometry analyses have several advantages. A mass spectrometry detector is more sensitive than other detectors and also has a unique specificity because it detects molecular weights. In addition, it can detect a wide variety of materials, from inorganic materials to protein, and most importantly, can provide information on molecular structure through fragmentation ion analysis. HPLC-MS/MS is capable of detecting desired constituents using selected ion monitoring (SIM) and selected reaction monitoring (SRM) methods.
18) The unique specificity and sensitivity of HPLC-MS can make the analysis of samples containing various matrixes more convenient and time-efficient. It is a logical methodology to be applied to the analysis of ginseng in Panax species.
Korean ginseng has been recognized as being superior to foreign ginseng, and this has been attributed to the kinds and amounts of saponin constituents found in Korean ginseng. Therefore, it is important to develop an accurate and time-efficient method for use in the analysis of its ginsenosides and quality evaluation of ginseng extracts. There are many studies that have verified the pharmacological effects of ginseng, but we currently lack studies on rapid analysis of the ginsenosides. It generally takes more than 15 and upwards of 40 minutes for HPLC-MS or HPLC-UV analysis, respectively, for a quality evaluation of the major saponin composition of a ginseng extract. The current study used HPLC-MS/MS and HPLC-UV to determine the optimal conditions for rapid analysis of the major ginsenosides in Korean red ginseng extract. Chromatographic fingerprinting is found to be a simple and time-efficient method for testing and quality control of ginsenosides in ginseng products.
MATERIALS AND METHODS

Reagents
Ginsenoside Rb1, Rb2, Rc, Re, and Rg1 and Korean red ginseng extract derived from the root of Panax ginseng were acquired from KT&G Central Research Institute. Other reagents were acquired from Sigma-Aldrich (USA). For HPLC mobile phases, J.T. Baker (USA) HPLC-grade water and acetonitrile were used. Ginsenoside standards were diluted with methanol.
Analysis conditions and instrumentation
For HPLC analysis, samples of Korean red ginseng extract were diluted with distilled water 5-fold. Three mL of this sample was loaded into OASIS (waters HLB) C18 cartridge column activated by 3 mL MeOH and 3 mL distilled water and eluted by 4 mL MeOH. The eluate was concentrated to one third of its volume using nitrogen gas, then filtered through a syringe filter and injected onto the HPLC column.
In this study, the HPLC-MS/MS detector used was an Applied Biosystems API 2000 triple-quadrupole mass spectrometer equipped with a Turboionspray source and controlled by Analysis Data System (Version 14.2). The HPLC system consisted of a Perkin-Elmer 200 series micro pump system and autosampler. Product ions and precursor ions were scanned to acquire standard mass data, which were then used to analyze the ginsenosides in Korean red ginseng extract under the Multiple Reaction Monitoring (MRM) mode.
For the analysis of ginsenosides in the HPLC-MS/MS the HPLC mobile phase consisted of A) acetonitrile and B) water with 0.01% acetic acid. The mobile phase was filtered and ultrasonically-processed to remove gas bubbles before use. The gradient program of the mobile phase was a linear gradient, from (10:90) to (70:30) over 7 min. The column was a Phenomenex Luna 5 µ C18 (50 × 2.0 mm) reversed phase column and the flow rate of the mobile phase was set to 0.2 mL/min. 20 µL of sample was injected for analysis. Standard concentrations of ginsenosides were 0.1, 0.5, 1.0, 5.0, or 10.0 ug/mL. Table 1. shows the standard conditions for the HPLC-MS/MS detector operation for analysis of Korean red ginseng extract.
The HPLC-UV detector was a UV-visible detector and mobile phase was delivered by two pumps. 10 µL of sample was injected using an autosampler. Ginsenosides in Korean red ginseng extract were analyzed using Two software.
For the analysis of ginsenosides using HPLC-UV, the mobile phase constituents were A) acetonitrile and B) water with 0.001% formic acid. The mobile phase was filtered and ultrasonically-processed to remove gas bubbles before use. The gradient program a linear gradient from A-B (22:78) to (26:74) over 8 minutes then A-B (35:65) to 13 min followed by A-B (40:60) to 25 min. The column was a ZORBAX SB-C18 (5 µm 4.5 × 150 mm, Agilent) and the flow rate of was set to 0.7 mL/min. The sample injection volume was 10 µL. The column temperature was set to 35 o C and the wavelength of detector was set to 203 nm. Standard concentrations of ginsenosides were 100, 300, 500, or 1000 ug/mL.
RESULTS AND DISCUSSION
Many research studies that have analyzed the ginsenosides from Korean red ginseng extracts have used HPLC-UV detection. However, HPLC-MS has lower detection limits than HPLC-UV, is less affected by interfering substances, and can greatly reduce the processing time. Therefore, many researchers are interested in using HPLC-MS to analyze ginsenosides. Although it has these advantages, the HPLC-mass detector is not an easy piece of equipment for general laboratory usage, as it is costly and requires highly trained technicians for maintenance. This study applied both the HPLC-MS/MS detector and the HPLC-UV detector to develop comparable methods for analysis of ginsenosides Rb1, Rb2, Rd, and Rc from Korean red ginseng extract within a short period of time.
In first experiment, rapid analysis of ginsenosides using the HPLC MS/MS was studied. The MS/MS detector condition was set to analyze the ginsenoside Rb1, Rb2, Rd, and Rc following HPLC separation and the Q1 mass spectrum was used to detect standard ginsenosides. Mass data of the standards were acquired by direct injection analysis in the single-quadrupole mode in positive and negative modes. The positive ion mass spectra of the ginsenoside Rb1, Rb2, and Rd cations had the [ According to this study, there was less noise in the negative mode than in the positive mode when the Q1 quadrupole was used. It is therefore apparently more beneficial to use the ESI negative mode when analyzing ginsenoside Rb1 using Q1 quadrupole. However, when the triple quadrupole mass detector is used, the Q1 quadrupole is not the only tool used for the analysis. Instead, it is better to use the MRM mode, which deploys Q1, Q2, and Q3, to eliminate interruptions and to improve sensitivity. As many previous studies have generally conducted ginsenoside MRM analysis in the positive mode, this study also used the positive mode. According to Kim et al, 19) m/z 677.3 and 675.4 molecular ions were detected in the full scan spectrum under the Icariin Electrospray ionization (ESI) positive mode and ESI negative mode, but the m/z 675.4 ion in the ESI negative mode was more than twice as strong as molecular ions in the positive mode. This was probably because the negative molecular ion [M-H] -is more freely formed than is the positive molecular ion [M+H] + and it is more than twice as strong in its ionization in the mass detector.
A collision-induced dissociation (CID) experiment was conducted to examine the condition of fragmentation in + generated from the decomposition of the glycosidic bond, while the m/z 789.4 ion is the rest of ginsenoside Rb1. Among the peaks mentioned above, the m/z 365.0 ion showed the strongest peak response.
Strong fragment ions were selected based on the CID experiment of ginsenoside Rb1, Rb2, Rc, and Re and were used in a further MRM quantification experiment. For precursor ions of ginsenosides Rb1, Rb2, Rc, and Re, m/z 1131, 1101, 1101, and 969 were chosen, respectively, and m/z 365, 335, 335, and 789 were used for fragment ions, respectively. As sensitivity was strongest in the MRM mode than in the scan mode in the triple quadrupole mass detector, this study used the MRM mode to quantify ginsenosides Rb1, Rb2, Rc, and Re. According to Kim et al., 19) the optimization of MRM conditions involves selecting more than three fragment ions from one molecular ion and then choosing two fragment ions with less matrix effect and interference, to conserve the equipment parameters required for the generation of fragment ions. In the MRM mode, molecular ions are selected in tandem mass Q1 and energy is applied to these molecular ions in Q2 to cause them to fragment. In Q3, then, fragment ions are selected to identify the constituents and allow quantification. 20) The standard ginsenosides Rb1, Rb2, Rc, Re were analyzed with HPLC-triple quadrupole mass detection in the positive MRM mode. For a mobile phase, acetonitrile and water with 0.01% acetic acid were used and a gradient program was generated to modify the acetonitrile percentage from 10% to 70% over seven minutes. Fig. 1 shows the chromatogram of standard ginsenosides Rb1, Rb2, Rc, and Re. The retention order was Re, Rb1, Rc, and Rb2 and the retention times were 3.3, 5.4, 5.6, and 5.8 min, respectively. All of the ginsenoside peaks were separated within seven minutes. Fig. 2 shows the chromatogram of the ginsenosides Rb1, Rb2, Rc, and Re from Korean red ginseng extract. The positive MRM mode was applied for the separation of each constituent. Then, the precursor ion, fragment ion and retention time of each ginsenoside constituent were compared to those of standard ginsenosides. The separation order and retention time for each constituent were similar to those of standard ginsenosides. The peaks for Rb1, Rb2, and Rc were high, but the Re peak was relatively low. Without interference from other constituents in the sample or matrix, all of the Rb1, Rb2, Rc, and Re peaks from Korean red ginseng extract were separated within seven minutes. 1 g of Korean red ginseng extract contained 2.17 mg ginsenoside Rb1, 1.51 mg ginsenoside Rb2, 1.29 mg ginsenoside Rc, and 0.46 mg ginsenoside Rc. The relative ratios of ginsenosides Rb1, Rb2, Rc, and Re in Korean red ginseng extract were 1.0 : 0.7 : 0.6 : 0.2. Korean red ginseng extract contained the highest content of ginsenoside Rb1, followed by Rb2, Rc, and Re. The chromatograms indicate a stable baseline with stable separation without any interference due to high mass/mass selectivity and with a clearly shaped peak. The detection limits for ginsenosides Rb1, Rb2, Rc, and Re were 18, 16, 14, and 23 ng/mL, respectively. This retention time of seven minutes is shortest reported to date among the studies of major ginsenoside analysis in literature. This HPLCmass/mass method could be used for rapid measurement of concentration and chromatographic fingerprinting for quality evaluation of major ginsenosides in ginseng extract.
In the second experiment, the HPLC-UV system was used to analyze standard ginsenosides Rb1, Rb2, Rc, and Re. For a mobile phase, acetonitrile and water with 0.001% formic acid were used and a gradient program was generated to modify the acetonitrile percentage from 22% to 40% in 25 minutes. The order of separation was ginsenoside Re, Rb1, Rc, and Rb2, which was the same as seen with the HPLC-MS/MS system. However, the total retention time was prolonged up to 25 minutes. The retention time for ginsenosides Re, Rb1, Rc, and Rb2 were 6.5, 20.5, 21.7, and 22.6 min, respectively. Each peak was clearly separated in the chromatogram without no interference from other peaks. If the conditions of mobile phase were set to isocratic using acetonitrile and water, the peaks were not easily separated and the standard detection limit was high. Fig. 3 shows a chromatogram of a typical analysis of ginsenosides Rb1, Rb2, Rc, and Re from Korean red ginseng extract using HPLC-UV. Under the conditions used this study, ginsenosides Re, Rb1, Rc, and Rb2 in Korean red ginseng extract were easily separated in 25 minutes. The chromatogram was not as clear as the results obtained from the mass detector, but the separation was stable without any major intereferences. In this study, the detection limits for ginsenosides Rb1, Rb2, Rc, and Re were 14, 13, 16, and 21 µg/mL, respectively.
Most previous studies on the analysis of ginsenosides in ginseng have used UV, ELSD, or RI detectors connected to an HPLC system. As these methods could not support quantification when there were interferences and peak overlaps, the conditions of the mobile phase had to be controlled to maintain maximum separation for quantification of complicated mixtures. Consequently, each sample generally required at least 40 minutes for separation to ensure accuracy and precision. Thus, the previously used HPLC-RI, HPLC-UV, and HPLC-ELSD methods were limited by selectivity as well as by their long time for analysis. To overcome these limitations, HPLC-MS or HPLC-MS/MS (triple quadrupole or ion trap) systems have been more intensively investigated in recent studies. An HPLC-MS system generally uses a HPLC-MS/MS tandem detection system. Tandem HPLC-MS/MS is more widely used because it can remove interferences more effectively than can simple HPLC-MS. Triple quadrupole HPLC-MS/MS is better for the quantification studies than is ion trap HPLC-MS/MS. The ion trap HPLC-MS/MS is more suitable for structural analysis of compounds. Ligor et al., 21) achieved a 30 ng/mL or lower detection limit when they analyzed ginsenosides using ion trap LC-MS/ MS. In the current study, HPLC-MS/MS had a standard detection range of 0.1-10 µg/mL and the detection limit was 14-23 ng/mL. The detection range for HPLC-UV standard was 100-1000 µg/mL and the corresponding detection limit was 13-21 µg/mL. This indicated that the detection sensitivity of HPLC-MS/MS was greater than that of HPLC-UV.
Co-elution of ginsenosides Rg1 and Re is a common problem that has been previously reported. 22, 23) The separation of Re and Rg1 can be achieved with a mobile phase consisting of no more than 20% acetonitrile in water. 24) Therefore, acetonitrile has to be maintained below 20% for up to nine minutes, to allow elution of separated ginsenosides Re and Rg1. The downside of this separation is that it adds a great deal of time to each separation. In the current study using UV detector analysis, this condition was neglected in favor of fast analysis. Therefore, Rg1 could not be analyzed using the HPLC-UV analysis conditions. On the other hand, Rg1 was easily analyzed using HPLC-MS/MS. The retention time of Rg1 and Re were 3.2 and 3.3 min, respectively, which are very similar peak retention times, but it was not difficult to analyze them as their molecular weights are 801 and 947, respectively. Today, many kinds of ginseng products are being imported, exported and circulated in the market. For quality evaluation, identification, and storage stability tests of these products, it is necessary to develop a simple and fast analysis method for the ginsenoside content of ginseng products. This study shows that a simple and fast HPLC-UV method can be utilized as a general quality control method and can be applied to chromatographic fingerprinting of Panax ginseng products. This rapid HPLC-UV fingerprinting method is based on the different contents of four major ginsenosides for the quality evaluation of Panax ginseng products and is better than a pharmacopoeia, in which only ginsenoside Rb1 is used as the marker of Panax quinquefolium L.
25) The HPLC-MS or the ultra-performance liquid chromatograph system is faster and more accurate, but any HPLC-UV instrument can be used for the general quality control of ginseng products or extracts when there is no such expensive instrument available.
This study found that 1 g of Korean red ginseng extract contains 2.17 mg ginsenoside Rb1, 1.51 mg ginsenoside Rb2, 1.29 mg ginsenoside Rc, and 0.46 mg ginsenoside Rc. This means that there are 0.22, 0.15, 0.13, and 0.05% of ginsenoside Rb1, Rb2, Rc, and Re, respectively. The relative ratio of ginsenoside Rb1, Rb2, Rc, and Re in Korean red ginseng extract was 1.0 : 0.7 : 0.6 : 0.2, respectively. According to Choi et al, 26) there were 0.32, 0.21, 0.18, and 0.08% of ginsenosides Rb1, Rb2, Rc, and Re, respectively, in Korean red ginseng extract, which was similar to the results of this study. Another study on main root Panax ginseng showed 0.18-0.27, 0.17-0.25, 0.43-0.52, and 0.30-0.37% of ginsenosides Rb1, Rb2, Rc, and Re, respectively. 27) Another study on red, white and extruded root Panax ginseng concluded that there are 0.86-1.43, 0.53-1.18, 0.52-1.09, and 0.96-1.74 mg/g of ginsenoside Rb1, Rb2, Rc, and Re, respectively. 28) These results were similar to the results of this study. Another study on Panax ginseng extracts showed 7.91, 7.23, 8.23. 5.25 mg/g of ginsenoside Rb1, Rb2, Rc, and Re, but their relative ratios were similar to the results of this study. Most previous analyses on the contents of Korean ginseng showed results that corresponded to the results of the current study. Therefore, the HPLC-UV method reported here can be readily applied to measure the ratio of major ginsenosides and quickly evaluate the quality of ginseng products.
This study showed that HPLC-MS/MS could be the most useful method for rapid analysis of even small amounts of major ginsenosides, but that HPLC-UV could also be used for rapid analysis of major ginsenosides in ginseng products and for quality control of ginseng.
